In this study, the previously reported isoseismal maps are compiled and used to carefully investigate the macroseismic intensity in terms of the Modified Mercalli Intensity (MMI) scale, based on the engineering ground-motion parameter, as the peak ground acceleration (PGA), inferred from the ground-motion attenuation characteristic of Myanmar. The preliminary relationship between the MMI and PGA is reported to be a function of log 10 (PGA) = 0.2526MMI -3.1006. The strongly correlated MMI-PGA relationship obtained in this study, if confirmed, will be particularly useful in real-time applications for damage prediction or engineering parameter determination when an earthquake occurs in or nearby to Myanmar. Compared with the previously proposed MMI-PGA relationships for other regions, the standards/provisions of building construction in Myanmar is not high enough to withstand the hazards from earthquakes, particularly at higher levels of ground motion. Therefore, the seismic building code of Myanmar should be modified in order to reduce future hazards arising from earthquakes.
INTRODUCTION
Macroseismic intensity, the descriptive reporting format of earthquake ground shaking, is useful to provide information about the response of structures, quality and type of construction, including the variation of geological conditions in specific areas. However, in practice, a physically based ground-motion measure is needed particularly for engineering purposes. With the advent of current instrumental seismology, the correlation between the felt macroseismic intensity with engineering groundmotion parameters has become a topic of increasing interest. This offers the possibility of transforming readily observed intensity data into widely used engineering ground-motion characteristics and to rapidly assess the severity of ground shaking [1] .
With respect to seismic hazards, Myanmar is one of the earthquake-prone areas in Mainland Southeast Asia. Besides the Sumatra-Andaman Subduction Zone in the western part, Myanmar also has own great strike-slip active faults called the "Sagiang Fault Zone" [2] . However, according to the limitation of the political and economic situation, seismic hazard assessment and action is seemingly not recognized within the top priorities in Myanmar. The number of earthquake recording stations is, therefore, low and as a result the earthquake impactions are usually observed in macroseismic intensity and reported manually in terms of isoseismal maps. This method of obtaining data is not enough for the numerical analysis of seismic hazards and in particular is not sufficient for engineering purposes [3] .
In this study, it is attempted to develop the relationship between macroseismic intensity, in terms of the MMI scale, and the engineering ground-motion parameter, in terms of the PGA. As such, the main goals of the study are: 1) to gather the macroseismic intensity data that has been previously reported for the Myanmar region and adjacent areas; and 2) to correlate this and contribute the relationship between the felt intensity information and the engineering ground-motion parameter as the PGA.
DATASET

Macroseismic Intensity
In this study, all macroseismic intensity data are taken from previous publications of isoseismal maps ranked with respect to the MMI scale. Based on careful review, there are 10 isoseismal maps of earthquakes within the magnitude range of a 4.6 -8. [6] and Pailoplee et al. [4] . Black stars are the locations of past earthquakes whereas the ground shaking intensities are illustrated in terms of gradual color of the MMI scale. [4, 5] eastwards of Myanmar. For the Mandalay earthquake, the work of Brown [6] revealed an MMI in the range of III-IX spreading out more than 900 km from the epicenter to central Thailand (Figure 1) . In case of the Tounggyi earthquake, the MMI is in the range of V-IX within the area covering approximately 500 km from the earthquake location [7] . During 1929-1930 AD, there were five earthquakes within the magnitude of range 7.0 -7. 3 Richter that occurred in the Myanmar region. As a result, five isoseismal maps were contributed and published [7, 8] [8] . Both of these were generated by the Sagiang Fault Zone with reported MMIs of up to IX and spread out far away from the source into Thailand (Figure 1) . As the same time, on the 4 th December 1930, an earthquake with a Mw of 7.3 was also recorded at Toungoo, central Myanmar, with ground shaking intensities in the range of VII-IX. The last isoseismal map in Myanmar gathered in this study is from the Mawlaik earthquake on 21 st March 1954, western Myanmar, which had a magnitude of an assumed 7.0 Richter and generated a ground shaking of VII-VIII on the MMI scale.
In addition to the MMI reported in Myanmar, two isoseismal maps obtained from macroseismic intensity investigations in Thailand are added. The first is the Mw-5.0 earthquake that occurred on the 8 th October 2006 in the southern part of Thailand [9] , whilst the second is the Mw 4.6 earthquake located at Chiang Mai province, northern Thailand [10] . Both of these were generated by the Ranong [9] and Mae Tha [11] Fault Zones, which represent the MMI characteristics in the southern and eastern part of Myanmar, respectively. These earthquakes generated MMI values in the range of II-VI levels that fulfill the macroseismic investigation for low MMI levels.
In summary, the data of macroseismic intensity obtained from these 10 collected isoseismal maps have a MMI level in the range of II-IX and so cover almost all of the standard MMI levels (i.e., I-XII), to allow an investigation into the relationship between the MMI and PGA.
Engineering Ground-Motion Parameter
Empirically, the macroseismic intensity is most frequently related to the PGA because this engineering ground-motion parameter is the most commonly correlated parameter to structural damage and it is important for seismic resistant structure design [12] . This study, therefore, used the PGA to calibrate with the obtained macroseismic intensity data.
However, according to the limitations of the available PGA data in Myanmar, in particular for the past 100 years of earthquake events that are reported only as isoseismal maps, then here the PGA is assumed for this calibration. To this end, based on the published probabilistic seismic hazard map of the Yangon area, central Myanmar ( [13] , the maps were evaluated by using the strong ground-motion attenuation relationship of Boore et al. [14] . Thus, in this study, the PGA values used for calibration with the MMI are inferred using the groundmotion attenuation characteristic of Boore et al. [14] , as shown in Equation (1).
where Y is the PGA which is in g unit (1 g = 981 cm/s 2 ), M is the moment magnitude (Mw), R is the source-to-site distance (km), for randomly-oriented From the isoseismal maps described above, the individual area of each MMI level was gridded with a spacing of 1 × 1 km to measure the source-to-site-distances that the seismic wave traveled and was attenuated over. Practically for each MMI level, there is more than one value or the source-to-site-distances (i.e., the MMI boundary is not a perfect circle), and consequently the average distance was used. The magnitudes required in equation (1) and the earthquake locations for measuring the source-to-site-distances are those cited in previous reports and are detailed in Table 1 .
MMI-PGA RELATIONSHIP
In the MMI-PGA relationship, each MMI level was examined independently and the PGA corresponding to that particular MMI level was calculated according to Equation (1) . After that, each MMI value was plotted against the corresponding calculated PGA, as shown in Figure 2 . The different symbols used in Figure 2 distinguish the MMI-PGA data obtained from individual isoseismal maps.
From Figure 2 , it is revealed that the series of MMI-PGA calibration vary in individual MMI range. Thus, all values of PGA in each MMI are averaged statistically. Thereafter, the obtained mean PGA is plotted against the MMI. In final, the MMI-PGA relationship is contributed using the linear regression.
From the result of this regression (Figure 2) , it appears that there is a slight trend of MMI to be a linear function in relationship to the , which can represented by Equation (2) 
where PGA is the peak ground acceleration (cm/s 2 ) and MMI is the level of macroseismic intensity in terms of MMI scale.
DISCUSSION AND CONCLUSION
A new relationship between macroseismic intensity and engineering ground-motion parameter is contributed for the Myanmar region by comparing the MMI gathered from 10 isoseismal maps with the inferred PGA. Based on the resultant MMI-PGA calibration, the obtained relationship appears as a function of   10 log PGA 0.2526MMI 3.1006   . This relationship, if substantiated, will be particularly useful in real-time applications for damage prediction or engineering parameter determination for earthquake ground shaking posed in or nearby to Myanmar.
Focusing to the other region, many empirical equations have been proposed to relate the MMI with PGA (Figure 3) . In comparison with these, the MMI-PGA relationship for Myanmar reported here illustrates that in the same engineering ground-motion level, that is the same PGA level, the MMI of Myanmar is reported at a lower level than those for the other region until level V of the MMI scale (i.e., felt by nearly everyone; many awakened. Some dishes, windows broken. Unstable objects overturned. Pendulum clocks may stop). However, for MMI values of equal to or larger than level VI, which mainly represent the destruction of infrastructures or buildings, the same PGA generates a higher MMI level than the other regions. This implies that the standard of building construction in Myanmar, in terms of withstanding earthquake hazards, is not high enough such that low ground motions contribute to a high degree of structure damage, particularly at higher levels of ground shaking. Thus, for the reduction of earthquake hazards in Myanmar, earthquake hazard situations should be realized and the standard building code should be modified accordingly to withstand such ground movement.
However, it is recognized that there is a significant level of uncertainty in estimating ground motions (i.e., PGA) from the existing isoseismal maps by this process. Therefore, further work is required to check these PGA values carefully for consistency with those of the instrumentally recorded data. The uncertainties in the variables used in the damage estimation should also be discussed. 
OPEN ACCESS
ACKNOWLEDGEMENTS
